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High glucose and TGFI31 stimulate fibronectin gene expression
through a cAMP response element
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High glucose and TGFfi1 stimulate fibronectin gene expression through
a cAMP response element. Previously, we reported that mesangial cells
increased fibronectin, laminin and type IV collagen synthesis when
cultured in the presence of high glucose (30 mM). Although mRNA levels
for all three extracellular matrix (ECM) proteins were also increased in
high glucose conditions, the mechanism for this increase was not known.
In order to determine whether increased transcription was involved in the
observed increase in fibronectin mRNA levels mesangial cells were
transfected with a construct containing the 5'-flanking region of the
fibronectin (FN) gene [position +69 to —510 base pairs (bp)] fused to the
coding region of the chloramphenicol acetyltransferase (CAT) gene
[FN-CAT (—510)]. Cells were transiently and stably transfected with this
construct. Under serum-free conditions, high glucose increased CAT
activity only in the presence of TGFI3I (referred to as TGF/3). The
experiments were performed without serum because FN-CAT (—510)
contains a serum responsive element. The increase in CAT was approxi-
mately twofold in transiently transfected cells and threefold in stably
transfected cells. TGFP alone increased CAT activity approximately 30%.
Stimulation of fibronectin gene expression appeared to occur at the level
of a cAMP response element (CRE) located —170 bp of the FN gene
because cells transfected with a construct containing an oligonucleotide
encoding for this CRE fused to a minimal fibronectin promoter (—56 bp)
and a CAT reporter gene [CRE (—170) FN-CAT] displayed similar
increments of CAT activity after treatment with high glucose and TGF/3.
Gel shift mobility assays with a CRE oligonucleotide revealed multiple
complexes with mesangial cell nuclear proteins. No differences in the
mobility or abundance of complexes were observed in the different
conditions tested.
Diabetes mellitus has emerged as the leading cause of renal
morbidity and mortality [1]. The most common lesions involve the
glomeruli and include capillary basement membrane thickening
and expansion of the glomerular mesangium, resulting in diffuse
and nodular diabetic glomerulosclerosis. Among the structural
lesions, expansion of the renal glomerular mesangium appears to
be the one most closely associated with loss of filtration function
[21. Recently, a report from the Diabetes Control and Complica-
tions Trial Research Group has concluded that intensive insulin
therapy effectively delays the onset and slows the progression of
diabetic microangiopathy, including nephropathy, in patients with
insulin-dependent diabetes mellitus strongly implicating hypergly-
cemia in the pathogenesis of long-term complications of diabetes
mellitus [3].
High glucose stimulates fibronectin, laminin, and type IV
collagen synthesis and mRNA levels in mesangial cell cultures [4,
51. Activation of protein kinase C through increased de novo
synthesis of diacylglycerol in conditions of high glucose has been
shown to be involved in stimulated extracellular matrix production
[6, 7]. The previous studies, however, did not elucidate whether
high glucose stimulated transcription or resulted in changes in
mRNA stabilization.
Since protein kinase C is activated in response to high glucose,
it is attractive to speculate that ECM genes contain consensus
sequences in their promoter regions that interact with transcrip-
tion factors modulated by protein kinase C. Recently, we reported
that c-fos and c-jun (AP-1) transcripts and proteins were elevated
after treatment with high glucose [8]. Fos and jun associate with
each other to generate stable heterodimers which have high DNA
binding activity. AP-1 mediates transcriptional induction in re-
sponse to activators of protein kinase C, such as the phorbol esters
12-0-tetradecanoylphorbol 13-acetate (TPA) and phorbol myris-
tate acetate (PMA), through binding to a conserved DNA ele-
ment (5'-TGAGTCA-3') known as the TPA-responsive element
(TRE) [9—12]. Although the fibronectin promoter does not
contain an AP-1 binding site, it contains a cAMP response
element located —170 bp of the fibronectin gene [13—15] which
differs from TRE by one base pair (5'-TGACGTCA-3'). This
CRE also binds AP-1 [15—18]. AP-1 and cAMP response element
binding proteins (CREB/ATF proteins) belong to a family of
transcription factors called BZip proteins so named because of
their highly conserved basic and leucine zipper domains that are
required for DNA binding and dimerization, respectively [9, 19,
20]. In this report, we show that in the absence of fetal calf serum
(FCS) TGF/3 is required for high glucose to exert its effect on
fibronectin transcription. Stimulation appears to result from bind-
ing of nuclear proteins to and activation of a CRE located —170
bp FN gene. The possibilities by which TGFI3 and high glucose
cooperate to exert their effect on fibronectin gene expression are
discussed.
Methods
Cell culture
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Rat glomerular mesangial cells were isolated and grown in
homogeneous culture as previously described [21, 22]. Mesangial
cells were identified by ultrastructural, biochemical, and immuno-
fluorescence techniques [21, 221. Cells were cultured in RPMI
1019
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1640 tissue culture medium (Irvine Scientific mc, Irvine, Califor-
nia, USA) containing 20% fetal calf serum (FCS) (Irvine) plus
antibiotics and antimycotics. All experiments were performed on
cells between the 10th and 20th passages.
Plasmid constructions
The plasmid pFN-CAT contains DNA sequences from +69 to
approximately —510 bp [FN-CAT (—510)1 of the human fibronec-
tin gene fused to the CAT gene. This construct as well as a
constructs deleted to contain —56 FN-CAT were obtained from
Dr. Douglas Dean (Washington University School of Medicine),
and its cloning and sequencing have been described elsewhere
[13—15]. Constructs containing a CRE fused to —56 FN-CAT
were also obtained from Dr. Dean. The sequence of the CRE
oligonucleotide was 5
GCTCACCCGGAGA-3' (underlined portions are from the fi-
bronectin gene (located —170 bp)(CRE-170 FN-CAT). The se-
quences of the 5' ends and the 5'-flanking regions of the rat and
human FN genes were found to be similar, and many of the
differences which did occur resulted from the deletion or insertion
of DNA segments [13]. The CRE (position —170) and its adjacent
sequences were identical in the rat and human FN genes. Plasmid
DNA was prepared using a modification of a procedure detailed
in the study by Sambrook, Fritsch and Maniatis [23]. All plasmids
were prepared identically and identified using restriction diges-
tion. Plasmids were quantitated by measuring A2601280.
Calcium phosphate transfection
Transient transfection. Twenty-four hours before transfection,
mesangial cells were plated onto 100 mm dishes (3 x 106 cells in
6 ml of medium). Each experiment was transfected under identi-
cal conditions. Cell were transfected in MEM 10% FCS. The
DNA-calcium phosphate coprecipitate was prepared and slowly
added to 2X HEPES solution [241. Five micrograms of FN-CAT
(—510), CRE (—170) FN-CAT, and —56 FN-CAT gave optimal
transfection. After 10 to 15 minutes, the DNA was added to the
culture medium. pSV2-CAT (5 /kg) was transfected into the cells
as a control to assess the efficiency of transfection. After five
hours, the dishes were washed 4x with RPMI and glycerol
shocked for three minutes. The cells were incubated for 48 hours
in RPMI 1640 tissue culture medium without serum. Cells were
treated in serum-free medium because the fibronectin promoter
contains a serum responsive element which, in the presence of
serum, raised baseline CAT activity precipitously (JIK, personal
observation). The cells were treated with normal glucose (NG, 10
mM), NG plus TGFI3 (1 ng/ml), high glucose (HG, 30 mM), and
HG plus TGF/3. The experimental agents were added directly to
the medium for 24 or 48 hours. The normal glucose controls had
no additions.
Stable transfection. Cells were co-transfected with pFN-CAT
(—510) and pSV2 containing a neomycin resistant gene at a ratio
of 5:1 as described above for transient transfection. After 48 hours
of growth in non selective medium (RPMI 1640 with 20% FCS),
cells were passaged and replated at 1:15 in selective growth
medium (RPMI 1640 with 20% FCS containing 400 g/ml gene-
ticin (GIBCO, Grand Island, New York, USA). This medium was
changed eveiy three days for two to three weeks to remove the
debris of dead cells and allow colonies of resistant cells to grow.
Individual colonies were cloned and propagated in selective
medium (containing 200 Wml geneticin).
CAT assay. Dishes were rinsed 2x in PBS and harvested by
vigorous pipeting after 10 minutes of incubation in PBS-EDTA.
Cells were pelleted and solution removed. Cells can be stored at
— 70°C at this point. Activities of CAT were determined on total
cell lysate by measurement of acetylated forms of [14C] chioram-
phenicol that were resolved by thin layer chromatography [25].
Each spot was visualized and counted on 13 scanner (Betascope
603-Blot Analyzer, Betagen, Waltham, Massachusetts, USA).
Normalization of CAT. For monitoring the level of plasmid
DNA actually transferred into recipient cells, 15 1.d of the cell
lysate was incubated with RNase A (100 g/ml) and subsequently
with Proteinase K (100 sg/ml), each for 30 minutes at 37°C. Two
volumes of 2OXSSC were added, the DNA was dotted in a series
of dilutions onto nylon-membrane, UV cross linked, and hybrid-
ized to [32P] pCAT DNA probe. Intensities of the hybridization
was visualized and counted by 13 scanner (Betascope 603). These
counts indicated the amount of transferred plasmid DNA present
in the crude cell extract compared to a standard [26].
Nuclear extract preparation. Mesangial cells were treated with
NG, NG plus TGFI3, HG, and HG plus TGFf3 for 6, 12, 24, and
48 hours in the absence of FCS. Dishes were rinsed twice with
ice-cold PBS (3 100 mm dishes per condition) and gently scraped
into 30 ml of lysis buffer (20 m HEPES, pH 7.9, 0.2 mi,vi EDTA,
0.2 mtvi EGTA, 0.5 mivi spermidine, 1 mivi DIT, 10% glycerol, 0.5
mM phenylmethylsulfonyl fluoride, 1 sg/ml leupeptin, 2 mM
sodium orthovanadate) containing 0.3% Nonidet P-40, and incu-
bated on ice for five minutes. Extracts were centrifuged at 10,000
rpm for 10 minutes. The pellets were frozen at —70°C after which
400 1d of lysis buffer with 2 m'i KC1 were added. After gentle
mixing on a magnetic stirrer at 4°C for 30 minutes, nuclear
extracts were collected by centrifugation at 350,000 X g for 20
minutes. The supernatant was applied onto a G-50 spin column
equilibrated with a binding buffer containing 12% glycerol, 60 mM
KC1, 12 ifiM HEPES-KOH (pH 7.9), 0.1 mM EDTA, 0.3 m'vi DT,
1 mM MgCI2, 5 mtvi spermidine and 5 mg of poly[d(I-C)] and the
eluate was used as the crude nuclear extract [27]. Protein deter-
minations were determined by the bicinchoninic acid (BCA)
method (Pierce, Rockford, Illinois, USA).
Gel retardation assay (gel mobility shift assay). Oligonucleotides
encoding the CRE were purchased from Promega. CRE (—170)
FN-CAT was also labeled and used for gel shift assays. Gel shifts
with either of these two preparations gave similar results. Oligo-
nucleotides were labeled by end-labeling using T4 kinase and
[y-32P] ATP according to the manufacturer's instructions. 5'
end-labeling of CRE (—170) FN-CAT was accomplished with T4
kinase and [y32P] ATP after linearization of the plasmid with
Hind III. N-labeled CRE (—170) was cut with Pst I and separated
out through a G-50 column. Labeled nucleotide was purified on a
2% agarose gel. The band was excised from the gel and the DNA
eluted from the agarose. Binding reactions (20 jsl) included
32P-labeled double stranded oligonucleotide (0.5 to 1 ng, 10,000 to
14,000 cpm) and 1 jig of Salmon sperm DNA, incubated with 5 jig
of nuclear extract in a buffer containing 10 mrvi tris-HCI (pH 7.5),
4% glycerol, 1 mM EDTA, 1 mM j3-mercaptoethanol, and 40 mM
NaC1. The reaction mixture was incubated for 30 minutes at room
temperature and then loaded onto 4% polyacrylamide gels con-
taining 0.2 mrvi dithiothreitol (acrylamide:bisacrylamide, 79:1).
The gels were subjected to electrophoresis in a buffer containing
50 mM Trizma (Tris base), 380 mri glycine, 2 mrsi EDTA, and 0.5
mM 13-mercaptoethanol. Gels were run at 10 V/cm for one hour at
FN-CAT (—510)
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Fig. 1. Beta scans showing that expression ofFN-CAT (—510) (A) and CRE
(—170)-CAT (B) fusion genes is increased in mesangial cells exposed to high
glucose and TGF/3. Mesangial cells were transfected with 5 gg of the
indicated FN promoter plasmid. Twenty-four hours later, cells were
exposed to normal glucose (NG, 10 mM), NG plus TGF (1 nglml), high
glucose (HG, 30 mM), and HG plus TGFj3 for 24 hours in the absence of
FCS. pSV2, cells transfected with pSV2-CAT; +, commercial CAT enzyme
(Sigma Chemical Co., St. Louis, Missouri, USA); —, no enzyme added.
This experiment was repeated 12 times with similar results. The cpm in
aeetylated ehloramphenicol are presented in Table 1.
room temperature. After electrophoresis gels were soaked in 5%
glycerol for 20 minutes followed by drying and autoradiographing
at —70°C using Kodak X-Omat AR film. For the competition
assay, unlabeled competitor DNA fragments were preincubated
with parallel samples 30 minutes before the addition of labeled
probe [27].
Results
Mesangial cells displayed an increase in fibronectin protein and
mRNA after treatment with high glucose in the presence of FCS
[4, 5]. It remained to be determined, however, whether this
increase in fibronectin transcripts was due to increased synthesis
or alterations in message stability. To address this issue, constructs
containing the fibroneetin promoter fused to a CAT reporter gene
(—5 101+69 FN-CAT) were transfected into mesangial cells to
determine whether high glucose stimulated fibronectin transcrip-
tion (determined by elevations in CAT activity). Dean et al have
reported with the same construct (that is, —510/+69 FN-CAT)
using in vitro transcription that CAT expression reflected fi-
bronectin promoter activity [13—15]. Since this promoter sequence
contained a serum responsive element (SRE) [14], the cells were
exposed to high glucose (30 mM) in the absence of FCS. Surpris-
ingly, under these conditions (that is, serum-free conditions) no
increase in CAT activity was detected in cells treated with high
glucose for 24 or 48 hours in either stably or transiently trans-
fected cells (Figs. 1 and 2). The question that remained to be
answered was what factor in FCS worked along with high glucose
to stimulate fibronectin production. We believed that TGFI3 was
a likely candidate because PDGF, a major growth factor in FCS,
has been shown to stimulate TGFf3 production by mesangial cells
[28], and TGF has been implicated in playing a role in mediating
many of the effects of high glucose on cultured cells [29, 30].
Therefore, we examined whether TGFI3 and high glucose stimu-
lated FN-CAT (—510). High glucose in the presence of TGFJ3 (1
ng/ml) caused a twofold increase in CAT activity in mesangial
cells transfected with FN-CAT (—510) (Fig. 1, Table 1), TGF/3
alone caused a 30% increase in CAT activity. These increases
were first noted at 24 hours of stimulation and were maintained
through 48 hours in transiently transfected cells. Within each
experiment, there was no variability in the uptake of plasmids
from dish to dish. This was due to the fact that transfections were
performed under identical conditions (that is, MEM 10% FCS).
Mesangial cells transfeeted with a fusion gene containing a
minimum fibronectin promoter (—56 bp) were not simulated by
TGFI3, high glucose or a combination of the two.
Stably transfeeted cells treated with high glucose and TGFf3
showed similar increases as reported above for transiently trans-
fected cells. That is, high glucose stimulated FN-CAT (—510) only
in the presence of TGF/3 (Fig. 2, Table 2). The magnitude of
FN CAT (—510)
p .rs.t.'
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Table 1. CPM in acetylated chloramphenicol (from Fig. 1)
FN-CAT (—510) CRE (-170) FN-CAT
Normal glucose 8.7 1.1 14 1.6
Normal glucose + TGFI3 11.5 1.3 18 2.9a
High glucose 9.4 0.8 16 1.6
High glucose + TGFI3 17 2.4a 24 2.o
N = 4.
a P < 0.05 by Student's t-test
Table 2. CPM in acetylated chioramphenicol (from Fig. 2)
FN-CAT (—510)
Normal glucose 182 0.7
Normal glucose + TGFI3 233 1.4
High glucose 177 7.07
High glucose + TGFj3 559 62
N = 4.p < 0.05 by Student's t-test
Fig. 2. Beta scans showing that expression of FN-CAT (—510) is increased
in mesangial cells treated with high glucose and TGFI3 Mesangial cells were
stably transfected with 10 tg of FN-CAT (—510) and 2 jg of pSV2 neo.
Colonies were cloned and propagated in selective medium containing 200
g/ml geneticin. Cells were exposed to NG, NG plus TGFI3, HG, and HG
plus TGFP for 72 hours. The cpm in acetylated chloramphenicol are
presented in Table 2.
stimulated CAT activity was also similar. That is, TGFJ3 caused a
small but significant elevation in CAT activity; however, in the
presence of high glucose, CAT activity increased threefold.
Since mesangial cells treated with high glucose showed in-
creased expression of c-fos and c-jun (AP-1) proteins and tran-
scripts [8], we wanted to determine whether sequence elements
responsive to AP-1 were responsible for the elevation in FN-CAT
(—510) activity seen in cells treated with HG and TGF. FN-CAT
(—510) contains a CRE element at —170 bp which differs from the
AP-1 binding site, TRE by one base pair (TRE: TGAGTCA;
CRE: TGACGTCA). Also, AP-1 can bind CRE [15—181. There-
fore, mesangial cells were transiently transfected with a plasmid
containing the CRE at nucleotide position —170 bp of the
fibronectin gene cloned upstream of a minimal fibronectin pro-
moter (deleted to position —56 bp) [CRE (—170) FN-CAT].
These cells responded to high glucose and TGFI3 in a similar
fashion as observed for FN-CAT (—510), above. That is, high
glucose in the presence of TGFI3 caused a twofold increase in
CAT activity while high glucose, alone, in the absence of FCS did
not stimulate CAT activity (Fig. 1, Table 1). TGFI3 alone stimu-
lated CAT activity approximately 30% (Fig. 1, Table 1). There-
fore, it may be concluded that high glucose and TGFI3 stimulated
fibronectin transcription at the level of CRE (—170) of the
fibronectin gene.
A gel retardation assay was done with a 32P-labeled oligonucle-
otide containing CRE. Since there were no apparent differences
in the abundance or mobility of the complexes formed from
nuclear extracts isolated from cells treated under all four condi-
tions (that is, normal glucose, normal glucose with TGFJ3, high
glucose, and high glucose with TGF/3) at all time periods (6, 12,
24, and 48 hr), only the results obtained with normal glucose and
high glucose with TGFI3 are shown. These complexes are shown in
Figure 3. To achieve good resolution of the complexes, the gels
were run for 10 additional minutes after the dye front moved out
of the gel. The slower migrating complexes appeared similar to
the dimer previously reported for cAMP binding (CREB) protein
complexed to CRE [31}. Excess unlabeled CRE competed for
these complexes indicating specific binding. Also, from the com-
petition experiments it appeared that the slower migrating com-
plexes displayed the highest affinity. In gels not shown, 400-fold
excess unlabeled CRE competed completely for these complexes
and excess unlabeled nonspecific oligonucleotide (l7mer) did not
compete for binding with labeled CRE.
Discussion
The present results showed that high glucose in the presence of
TGF stimulated fibronectin transcription in mesangial cell cul-
tures transfected with FN-CAT (—510). Previous studies from our
laboratory have demonstrated that high glucose in the presence of
FCS stimulated fibronectin, laminin and type IV collagen synthe-
sis and mRNA levels [4, 5]. In the present experiments, FCS was
omitted because it significantly stimulated FN-CAT (—510) which
contains a SRE [14]. PDGF, a major growth factor in FCS,
stimulates TGF/3 production by mesangial cell cultures [281. This
suggests that perhaps TGFJ3 production by mesangial cells in the
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Fig. 3. Gel retardation assays of binding to the CRE in nuclear extracts from
mesangial cells treated with NG or HG + TGfl3. Extracts from mesangial
cells were incubated in the presence of 32P-labeled double-stranded
oligonueleotide, which contained the CRE, and were subjected to elee-
trophoresis on nondenaturing polyacrylamide gels as described in text.
Lane 1 is free probe (FP). Lane 2 are extracts from cells treated with NG
for 24 hours. Lanes 3 to 5 contain nuclear extracts from cells treated with
NG in the presence of 50- to 200-fold excess of unlabeled CRE. Lane 6
contains extracts obtained from cells treated with HG plus TGFJ3 for 24
hours. Lanes 7 to 9 contain nuclear extracts from cells treated with HG
plus TGF/3 in the presence of 50- to 200-fold excess unlabeled CRE. The
number of complexes as well as the migration of the complexes were
similar under all conditions tested. Competition assays with an excess of
cold oligonucleotide containing CRE demonstrated that the binding was
specific. Also, the slower migrating complexes displayed a higher affinity
than the fastest migrating complex.
presence of FCS may cooperate with high glucose to stimulate
fibronectin production. TGFf3 has also been shown to play a major
role in a variety of glomerular diseases including diabetic glomer-
ulosclerosis [32, 33]. In addition, experiments in cultured cells
treated with high glucose have implicated TGF/3 production as
being important [29, 30]. Experiments using anti-TGFf3 antibody
significantly reduced mRNA levels encoding for a2 (I) and al
(IV) collagens induced by high glucose [30]. In our experiments,
it appears that high glucose and TGFJ3 acts cooperatively to
stimulate fibronectin transcription. These results suggest a role for
endogenous TGFI3 production in our previous studies on extra-
cellular matrix production under conditions of high glucose [4, 5].
Transient signals generated by cytokines and growth factors are
converted into long-term cellular changes in gene expression by
signal regulated transcription factors. One important group of
transcription factors are the proteins that share a structural motif
termed the "leucine zipper". The leueine zipper is essential for
dimerization. The most studied members of this super family
include the AP-1 (Jun/Fos) and CREB/ATF proteins that control
gene expression by binding to the TPA (12-O-tetradecanoylphor-
bol-13-aeetate) response element (TRE) and cyclic AMP (cAMP)
response element (CRE), respectively [9—12, 16—20, 31]. The 5'
flanking region of the human fibroneetin gene has recently been
cloned and shown to contain three CREs [13—15]. Agents such as
forskolin which raise intracellular levels of cAMP stimulate CAT
activity in cells transfected with FN-CAT (—510) [13, 15]. This
responsiveness to cAMP elevation appears to reside in a CRE
element located —170 bp. CRE (—170) FN-CAT also has been
shown to serve as a SRE [15]. The three CREs of the fibronectin
promoter are distinct from one another: The one located —170 bp
is similar to the palindromic sequence 5'-TGACGTCA-3' identi-
fied as the core of other CREs [15]. The other two CREs differ
from —170 bp by one bp resulting in disruption of diad symmetry
and less affinity for nuclear proteins. CRE has been shown to also
bind AP-1 [14, 18]. In this regard, we have recently reported that
high glucose stimulates cFos and tlun proteins and mRNAs [8].
AP-1 was originally defined as a DNA binding activity recog-
nizing the TRE and responsible for transcriptional induction of a
number of genes in response to activation of protein kinase C
[9—12, 16, 20]. CREB on the other hand was defined as a sequence
specific DNA activity that binds CREs within the promoter
regions of cAMP inducible genes and mediates their induction in
response to activation of protein kinase A [13—16, 18, 20, 31].
Recently it has become clear that CREB is a member of a large
family of closely related cAMP binding proteins [20, 34—36].
Although CRE binding proteins generally do not bind TRE, they
may form heterodimers with junifos proteins that can bind both
types of elements [20, 34, 35]. The interaction of multiple com-
plexes with the CRE is consistent with the multiple complexes
observed between nuclear proteins and the CRE in gel retarda-
tion experiments reported here and elsewhere [14, 18].
The fact that high glucose and TGFf3 did not alter the affinity of
mesangial cell CREB proteins for the CRE suggests that the
interaction of CREB proteins with other transcription factors may
be important. Phosphorylation of CREBs has been shown to be
required for both binding to the CRE and for transcriptional
stimulation in response to treatment with forskolin [13, 14, 20, 31].
Phosphorylation with protein kinase C stimulated dimerization of
CREB to a high affinity DNA binder while phosphorylation with
protein kinase A did not stimulate dimerization but did increase
transcription [31]. This suggests that phosphorylation with protein
kinase A may stimulate the interaction of CREB with other
transcription factors. Interaction of CREB with other transcrip-
tion factors and proteins that bind to the TATA box have been
suggested [20, 31]. In this regard, it has recently been shown that
ATF 2 (also called CRE-BP1) which binds CRE (—170) FN can
recruit and interact with proteins that bind the CAT box of the
fibroneetin gene, located just twenty base pairs apart [37]. eJun is
one protein that can bind ATF-2. Such heterodimers have a
stronger affinity for CRE than TRE [35].
Despite the fact that TGF does not activate the cAMP-
dependent pathway [38], it has been reported that TGF induces
phosphorylation of CREB in ML-CC164 cells [38]. Along with
phosphorylation, increased binding to the collagenase TRE was
found. The authors suggested that such phosphorylation of CREB
as induced by TGF/3 may have imposed new properties on the
CREB protein to direct its affinity towards different transcription
factors or DNA binding sites. That is, inducing phosphorylation of
CREB protein allowing it to bind to other transcription factors.
High glucose also does not activate the cAMP dependent pathway
[7]. However, protein kinase C is activated and e-fos and c-jun
proteins and transcripts are elevated. Further experiments are
necessary to determine whether high glucose and TGFI3 cooper-
ate to stimulate fibroneetin gene transcription by forming e-jun/
CREB heterodimers.
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